The assessment of ecological connectivity of the Chojnowski Landscape Park -the regional approach. Maintaining ecological connectivity is crucial especially for protected areas located in proximity of a large city. That sort of areas are threatened by urban sprawl which cause natural and semi-natural area loss, landscape fragmentation and isolation. Ecosystem services and biological diversity could be maintained by linking not yet protected areas and treat them as a part of ecological network. The Chojnowski Landscape Park is an example of such protected area which is located in the functional zone of Warsaw. The scope of the study was to delimitate potential ecological corridors linking the Chojnowski Landscape Park with other core areas, assess their functionality and point spots endangered by the ecological connectivity loss. Data from national institutions and the Corine land cover 2012 were used to make GIS analyses. Application of buffering and re-buffering methods allowed to indicate potential expansion zones and helped to delimitate ecological corridors linking the Chojnowski Landscape Park with surrounding landscape parks and national ecological corridors. The strongest and the most numerous connections were indicated towards Mazowiecki Landscape Park. Other potential ecological corridors were assessed as highly endangered, mostly because of infrastructural barriers. Despite the existence of areas of landscape protection as another form of the nature conservation of terrains located between parks, law regulations allow to effi ciently protect only the ecological corridors along river valleys. The local spatial planning actions are needed, because that will be the most effi cient way of preserving ecological corridors of Chojnowski Landscape Park.
INTRODUCTION
Protected areas, such as national landscape parks or nature reserves, located in urban agglomerations are a rich source of ecosystem services, but at the same time are threatened by anthropopression. The proximity of a large city is connected with a spread of development and endangerment of the natural and semi-natural area loss, the landscape fragmentation and the isolation (EEA 2006 (EEA , 2012 . That sort of protected areas should be a part of an ecological network as a regional or national nodal zone to maintain the biological diversity, uniqueness and availability of ecosystem services (Jongman et al. 2004 , Bennett and Mulongoy 2006 , Worboys and Lockwood 2010 . The ecological network is based on a system of large, biologically rich areas (core areas, nodal zones), usually partially or entirely under some kind of the nature conservation, which are representative for natural regions and are connected by ecological corridors, to enhance the biological diversity to a greater extent than in an un-connected form (Liro 1998 , Bouwma et al. 2002 , Bennett and Mulongoy 2006 , Jongman 2009 ). Ecological corridors (greenways) are natural, semi-natural and even anthropogenic, linear or nonlinear, continuous or discontinuous landscape elements enable to maintain ecological connectivity including migration, dispersion and genetic exchange of species (Bennett 2003 , Pchałek et al. 2011 , Pawłat-Zawrzykraj and Podawca 2016 . Mentioned components could be surrounded by buffer zones and sustainableuse areas (Bennett and Mulongoy 2006) . Protection of the ecological connectivity is possible mainly by proper legal tools and the effective spatial planning (Civic et al. 2009, Jędrzejewski and Ławreszuk 2009) . Both conditions in Poland are not fully met. Legal regulations are not sufficient, for instance the defi nition of the ecological corridor in the nature protection law is unclear and there is a lack of legal tools or they are not effi cient to establish and conserve elements of the ecological network (Pchałek et al. 2011, Brzank and Pawłat-Zawrzykraj 2013) . The process of spatial planning is currently partly defective, especially in relation to maintain the ecological connectivity. Currently, the most effective tool for its' protection, is establishing local spatial plans, taking into account ecological corridors together with the most vulnerable spots, before the corridors are built (Jędrzejewski and Ławreszuk 2009, Kistowski and Pchałek 2009 , Brzank and Pawłat-Zawrzykraj 2013 , Pawłat-Zawrzykraj and Brzank 2013 , for instance by allocating they key areas for parks, forests, extensive agricultural lands, with prohibition of housing and fencing or even by repurchasing of land. Finally, location and construction of animal bridges and passages for spots where the ecological connectivity is endangered by infrastructural barriers, especially on expressways and motorways, should be also mentioned.
The Chojnowski Landscape Park (Chojnowski LP) is that sort of protected area located in the functional zone of a large city. Distance of only 6 km from the boarder of the park to the boarder of Warsaw determines the signifi cant pressure from the urban sprawl. The greatest impact of built-up areas is seen from fast growing Piaseczno city from the North--West, Konstancin-Jeziorna city from the North and many suburban villages located in the boarders of the Chojnowski LP and its buffer zone. The protection plan for the Chojnowski Landscape Park is currently being prepared and only the project from year 2008 is available. The protection plan is a document dedicated to the specifi c area and provides tasks and regulations binding municipalities in boarders of the Park. The project referred the Chojnowski Landscape Park as part of a concept called greenbelt of Warsaw, included also in the spatial development plan of the voivodship (MBPR 2015) and as an element of the protected areas system which spreads from the Mazowiecki Landscape Park in the East to the Bolimowski Landscape Park in the West (ChPK 2008). In spite of records about the need to maintain ecological corridors in the project of the protection plan for the Park and spatial plans of surrounding municipalities, vanishing of the ecological connectivity is noticed (Pawłat-Zawrzykraj and Brzank 2015) . The ecological network should be hierarchical and implemented on every level of planning (Bennett and Wit 2001 , Kistowski and Pchałek 2009 , Pchałek et al. 2011 . The concept of spatial development of the country for Poland (The National Spatial Development Concept 2030 includes the network of ecological corridors prepared for Ministry of the Environment (Jędrzejewski et al. 2011) . According to that network, the Chojnowski LP is situated outside of the national ecological corridors but in close proximity to the corridor of central Vistula valley (Fig. 1) .
The national policy contains records obligating to expand the ecological links on lower planning levels, but it is not implemented properly yet (Bernatek 2011). Therefore, it is crucial to fi nd and assess potential ecological corridors connecting the Chojnowski LP with other core areas creating regional ecological network, especially for the areas endangered by the fast urban sprawl.
The scope of the study was to delimitate potential ecological corridors FIGURE 1. Location of the Chojnowski Landscape Park in relation to the neighbouring protected areas and ecological corridors of the national and regional importance linking the Chojnowski Landscape Park with other core areas, assessment of their functionality and pointing spots endangered of the ecological connectivity loss. The utilitarian scope was to indicate actions, that can be implemented by spatial policies in municipalities located in the area of delimitated ecological corridors.
METHODS
The authors have made an a priori assumption that it is signifi cant, in terms of the biodiversity conservation of the Chojnowski LP, to maintain the ecological connectivity between the park and other protected areas located within its vicinity. The role of the regional or subregional nodal zone due to their special natural and landscape values and high level of biodiversity was assigned to the following areas:
Bolimowski Landscape Park -in the West; Spalski Landscape Park -in the South-West; Kozienicki Landscape Park -in the South-East; Mazowiecki Landscape Park -in the East and on the right bank of the Vistula river (Fig. 1) . The spatial range of the landscape parks and their protection zones was distinguished as a part of a system of protected areas in Poland in Shapefi le format (.shp), provided for by General Directorate for Environmental Protection (sdi.gdos.gov.pl).
At this preliminary stage of the study, the location of the park within the national ecological corridors, according the latest concept developed for Poland by Jędrzejewski et al. (2011) , was also ana-----lyzed. The Chojnowski LP as opposed to other surrounding parks is not included as a part of the network on national level and the nearest ecological corridor is the central Vistula valley (GKPnC-10A) in the East (Fig. 1) .
The fi rst step to identify the potential ecological corridors for the Chojnowski LP was to select open landscape areas of natural or semi-natural vegetation types from Corine Land Cover -clc 2012. The data set was retrieved from the website of the Chief Inspectorate of Environmental Protection (clc.gios.gov.pl). The following land cover types were designated: woodlands (corine land cover code -312), transitional woodland-shrub (clc -324), grasslands (clc -231), marshes (clc -231), water courses and bodies (clc -512). These are areas that provide the natural and permanent or periodical habitat for many fl ora and fauna species.
The next steps for designation of potential ecological corridors were applied from the procedure that can be called buffering and re-buffering, negative and positive buffering (Hänel 2007 , Neubert et al. 2010 or swelling and shrinking (Berthoud 2010) . It is carried out in two phases and starts with buffering all selected open landscape areas with an outer buffer. The buffer distance implemented in analysed studies should correspond to the potential of species associated with the continuum to move outside the extension zone without any particular diffi culty (Berthoud 2010). Therefore, it is varied and depends of the land-use type and the signifi cance (level) of the ecological connections. In case of majority of mobile species, according to Berthound (2010), most of the expansion zones are normally in the range of 100-500 m. Neubert et al. (2010) in the research conducted on the ecological corridors of European importance, applied buffering for all selected land cover classes up to 2,000 m. Hänel (2007) in the methodological guide for ecological network building in Germany proposed several classes of mapping from 100, 250 and up to 2,000 m to indicate ecological corridors at various stages of planning. In that method the distance class of 250 m was referred as proper to the regional scale and defi ning a high percentage of biologically rich areas (Hänel 2007, Riecken and Finck 2009 ). In the presented study the 250 m distance was applied for buffering and re-buffering procedure to indicate the regional potential ecological connectivity.
The result of "positive" buffering of 250 m enables to join extension zones that are initially separated and to point out the potential connection between them. The second phase of applied procedure basically consists of buffering of matrix that was obtained in the previous phase by the same value (Fig. 2) .
The buffering and re-buffering procedure enabled to set up structures that have direct or indirect spatial connectivity. Due to the additional land-use analysis the most likely routes linking some of the structures were indicated. The principle of the "path of least effort and least risk", which ensures that the shortest trajectory is always the one most frequently taken (Berthoud 2010) have been applied. Potential regional ecological corridors linking surrounding landscape parks were delimitated and every segment was named (Fig. 3) . Functioning of ecological corridors highly depends on existing spatial barriers (hotspots), such as: high-fl ow transport infrastructure and build-up areas (Seiler 2001 , Kurek 2010a , b, EEA 2012 and therefore that aspect was included in the next phase of the study. National and regional categories (A, S, GP) of roads due to the traffi c and construction were considered and taken from BDOT10k shared by Geodetic and Cartographic Documentation Centre. The mean daily annual traffi c of vehicles in year 2015 from General Directorate for National Roads and Motorways was obtained to include the barrier effect of roads (GDDKiA 2016). High-density built-up areas were created as a layer based on clc 2012 data. Gaps and vulnerable spots in the cohesion of the ecological network were analyzed on the basis of an orthophotomap taken from Geoportal (mapy. geoportal.gov.pl) and in several parts verifi ed in the fi eldwork. Assessment of identifi ed potential ecological corridors is based on several criteria: length, distance in the straight line between regional core areas, number of signifi cant line barriers (main roads with mean daily annual traffi c above 10,000 vehicles), narrow segments below 100 m, number of gaps in corridor cohesion, percentage share of gaps in the total length of a corridor or its segment, length of the regional corridor between the CHLP and a river bed within the nearest national ecological corridor Spatial analysis and maps were made by means of the ArcMap 10.4.1 application being part of the ArcGIS software.
RESULTS AND DISCUSSION
As a result, the following potential ecological corridors between the Chojnowski LP and other analysed LP were established: three ecological corridors connecting Chojnowski LP and Mazowiecki LP -nos 1-3, two corridors routed in the direction of Kozienicki LP -nos 4 and 5 one corridor connecting Chojnowski LP with Bolimowski LP -no 6 with two additional (alternative) branches nos 6.1 and 6.2. The selected corridors are displayed on Figure 3 and main elements of the characteristics are presented in the table. In case of the connections with the Spalski Landscape Park and Kampinos National Park it has been recognized that there are mainly indirect links via the national ecological corridors: the central Vistula valley and the lower Pilica valley. The length of the corridor between the CHLP and a river bed within the nearest national ecological corridor (km) 4.52** 2.262** 11.42** 16.52** 15.83*** 30.683*** n/a n/a n/a *MLP -mazowiecki LP, KLP -Kozienicki LP, BLP -Bolimowski LP; **distance set into the Vistula river; ***distance set into the Pilica river.
The strongest and the most numerous connections were indicated towards the closest Mazowiecki LP on the East. Mainly due to the shortest distance between the parks, linked by wide and fl at Vistula valley. The latter is to serve the role of national ecological corridor. Unfortunately, those areas are strongly functionally and economically associated with Warsaw and thus subject to urban pressure. Municipalities located in that area and bordering with the landscape parks are conscious of the issue. The parks' authorities also try to introduce it into their local policies. Numerous examples demonstrate that the maintaining of the ecological connectivity is ineffi cient (Pawłat-Zawrzykraj and Brzank 2013, Pawłat-Zawrzykraj and Podawca 2016). However, according to the presented study there are still at least two (nos 1 and 2) or even four (nos 3 and 4) potential ecological corridors that can ensure the link between the Chojnowski LP and the parts of ecological network of the national and regional importance.
The ecological corridors identifi ed to the South of the Chojnowski LP might provide connections with the Kozienicki LP through the central Vistula valley and then the lower Pilica valley, which are also the elements of the national ecological network. The forest corridor no 4 goes partly along the Vistula valley to the Pilica valley. The corridor no 5 consist of land-use types associated with the Jeziorka valley, in the north and central parts, and woodlands and grasslands in the southern part. Most of that area maintains the spatial continuity, except a gap in the cohesion located in the extensive agricultural land matrix near the Pilica river and only one line barrier exists.
The strongest urban pressure on this corridor is observed along the western and southern borders of the park, including its' protection zone. Fortunately, keeping the ecological connectivity along the Jeziorka river is favoured by the natural conservation -the Warsaw Protected Landscape Area (The National Spatial Development Concept 2030, 2011). The river is considered to be an important element of the sub-regional ecological network and thus it is also respected in the local policy. The southern part of the corridor is located in slightly less builtup areas with the high share of rural, horticulture and fruit production areas. The other positive fact is that there are few infrastructural barriers that can endanger spatial continuity of the corridor.
The corridor no 6 is the result of a search for ecological connections between Chojnowski LP and Bolimowski LP. This ecological corridor is the most forked and passes through numerous woodland complexes of various sizes, interrupted by grassland with a small number of ponds. The main corridor no 6 can be locally supported by alternative connections (corridor nos 6.1 and 6.2). It shows high landscape and natural values of that part of the region. Protection of that natural or semi-natural landuse types through maintaining the spatial connectivity might be one of the crucial objectives set up in the regional and local environmental policy. Nevertheless, functioning of these potential ecological corridors, as a part of the system linking the Chojnowski LP with the core areaBolimowski LP, highly depends also on infrastructure thresholds. Especially that they are the most crossed by linear barriers with the heavy traffi c and with the hardly permeable construction. The lack of facilities reducing the negative impact on animals and the urban sprawl along the main roads threat the existence of ecological connections in that area the most. The main hot spots for the ecological corridor are displayed on the Figure 3 .
Almost all initially selected potential core areas, that might be important in terms of sustaining biodiversity of the Chojnowski LP are not directly connected to the park. Only the indirect connectivity through national or regional ecological corridors can be considered. The shortest existing connections were indicated between the park and the central Vistula valley. These are connections of high priority for the park and therefore they need to be urgently included in protection recommendations for the local policy.
There is certain probability that the connections identifi ed in the southern part of the analysed area can operate as the link between the Chojnowski LP and the Pilica valley. However, these are the ecological connections that can be even more signifi cant in terms of the local environmental issues and therefore should be included in the environmental municipal policy.
The concept of ecological corridors connecting Chojnowski LP and Bolimowski has substantial reasons, but it is highly endangered due to the existing infrastructural barriers.
The adopted methodology of buffering and re-buffering can be the useful tool for identifying the ecological corridors, especially in terms of the steppingstones structures. The obtained results of the preliminary spatial GIS analysis need to be verifi ed. The crucial issues that should be discussed in this particular case is the LUD. The level of precision of the land use database should be obviously adequate to the scale of the spatial analysis. The Corine land cover was employed for the presented task in a satisfying way, but in case of local or more detailed studies it can be insuffi cient. 
2.
3. consistent action that prevent the spread of built up areas. The existing ecological corridors directly connected to the Chojnowski LP are considered to be rather important elements of the sub-regional ecological network. Therefore, their operation, spatial continuity and overall protection should be an important subject of the local (municipal) spatial policy. 
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